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Abstract 
 
In this paper authors will expose a work developed with the aim to submit an educational innovation project proposal to a 
competitive call for Educational Innovation Projects 2013-2015 of the Education Advisory Service of the Basque Country 
University (UPV/EHU, Spain). This project is being carried out in the Computer Structure and Computer Architecture sub-
module of the Degree in Computer Management and Information Systems Engineering of the University College of Engineering 
of Vitoria-Gasteiz, University of the Basque Country (UPV/EHU). The project is based on the active learning, more specifically, 
on cooperative learning. In this paper we have given deeper insight the dependencies between all the subjects belonging to the 
analyzed sub-module, which is composed of two subjects named Computer Structure and Computer Architecture. We have 
included in such analysis a previous subject named Principles of Digital Systems Design, which does not belong to that sub-
module, but plays an important role in the acquisition of the knowledge and competencies of the two previously referenced 
subjects. 
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1. Introduction 
 
Active Learning is a way to guide the process of learning/ teaching (Bonwell & Eison, 1991; Felder & Brent, 
2009), in which the student is the main actor. A particular instance of this method of guiding the learning process is 
called Cooperative Learning. In this paradigm the learning activities are planned searching for positive 
interdependence of students (Felder & Brent, 1994; Felder & Brent, 2001).  
This way to understand the educational process is a very good way for educational innovation initiatives, which 
have proliferated in the new curricula adapted to the European Higher Education Area (EHEA). One of these 
initiatives is being carried out working at the Basque Country University and is described below. 
Within the competitive call for Educational Innovation Projects for the years 2013-2015, of the Educational 
Advisory Service (UPV / EHU), it was applied and obtained an Educational Innovation Project entitled " Intra and 
Intergroup Cooperative Learning in the Computer Structure  and Architecture Sub-module". 
Prior to this project, in the preparation process of the "M02 - Common to Computing Branch" module, 
specifically in the "Structure and Computer Architecture" sub-module from the Degree in Computer Management 
and Information Systems Engineering of the University College of Engineering of Vitoria-Gasteiz, University of the 
Basque Country (UPV/EHU), we worked closely in the programming of the subjects included in the above 
mentioned sub-module. 
These subjects stress the hardware knowledge. The first one is "Computer Structure" (CS) (6 ECTS) scheduled in 
the second semester of the first year, and the second one subject is "Computer Architecture" (CA) (6 ECTS) planned 
on the first semester of the second year. This paper examines the relationship between both subjects, as well as other 
prior ones in which knowledge needed to face the competencies of the "Computer Structure and Architecture" sub-
module are introduced.  
To carry it out we begin by presenting the subject "Principles of Digital Systems Design" (PDSD) (6 ECTS) that 
is in the first semester of the first year, and it is aimed at explaining the necessary knowledge for the last of two 
courses in the sub-module (Computer Structure and Computer Architecture). 
The paper is structured to analyze the schedules of the three subjects. This analysis is done individually for each 
subject but also reflects the interdependencies between them. The second section describes the objectives of this 
paper. The third, fourth and fifth sections perform a systematic analysis of competences and subject content of 
Principles of Digital Systems Design, Computer Structure and Computer Architecture respectively. Finally, the sixth 
section presents the conclusions of this paper. 
 
2. Objectives 
 
The Degree in Computer Management and Information Systems Engineering of the University College of 
Engineering of Vitoria-Gasteiz, University of the Basque Country (UPV/EHU) is divided into the following five 
modules: 
 
x M01 - Basic Formation. 
x M02 - Common to Computing Branch. 
x M03 - Information Systems.  
x M04 - Final Project.  
x M05 - Optional module. 
 
Focusing on in the "M02-Common to Computing Branch", there is the "Computer Structure and Architecture" 
sub-module, which consists of two compulsory subjects. The first one "Computer Structure" (CS), and it is located 
within the degree schedule in the second semester of the first year and has 6 ECTS credits divided into 45 hours of 
theory and 15 hours of laboratory practice. In the second year of the degree, it is programmed the subject "Computer 
Architecture" (CA). This course is also obligatory, and it has also assigned 6 ECTS credits divided into 45 hours of 
theory and 15 hours of laboratory practice. 
The previous knowledge required for CS acquired is studied in the course "Principles of Digital Systems Design" 
(DPDS) of the module "M01- Basic Formation" of the degree. 
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The main objective of this paper is to show the previous analysis that was performed when the educational 
innovation project was submitted. The analysis was done on competences, content, relationships and 
interdependencies between the different mentioned subjects. 
 
3. Principles of Digital Systems Design 
 
Considering the competencies set for the "M01 - Basic Formation" module, the subject Design Principles Digital 
Systems (DPDS) focuses on working aspects such as: 
 
x Ability to understand and to dominate the basic concepts of discrete mathematics, mathematical logic, 
algorithmic and computational complexity and its application for solving problems in engineering. 
x Know and dominate the basic concepts of electrical circuit theory, electronic circuits, physical principles of 
semiconductors and logic families, electronic and photonic devices, and its application for solving 
problems in engineering.  
x Knowledge of the structure, operation and interconnection of computer systems as well as the basics of its 
programming. 
 
The subject of DPDS consists of the following eleven lessons, divided into two blocks: 
 
1. Numbering System (Block 1).  
2. Binary Codes (Block 1).  
3. Boolean Algebra (Block 1). 
4. Binary Arithmetic (Block 1). 
5. Fundamentals (Block 1). 
6. Simplification Methods (Block 2). 
7. Combinational Systems (Block 2). 
8. Sequential Systems (Block 2). 
9. Shift registers (Block 2). 
10. Counters (Block 2). 
11. Logic families (Block 2). 
 
The technological orientation of this course aims to guide students in the background needed for the next subject 
CS. To get this, the subject is divided in two distinct blocks: the first block examines the basic concepts of boolean 
mathematics in the, first five subjects and then, this knowledge is applied to introduce students to the techniques of 
analysis, design and simulation of digital circuits. So, the subject is divided in two blocks. The first one is divided in 
five lessons: 
 
x The initial lesson "Numbering Systems" aims to show students the opportunity to work in different 
numbering systems. For this, the decimal system is analyzed and subsequently generalized to other 
numbering bases. Special attention to the binary system is given by its importance in the design of digital 
systems, and in the same way, the octal and hexadecimal systems are addressed. 
x In the second lesson called "Binary Codes", the line started in the previous point continues, because different 
codes used in engineering are seen (BCD, Johnson Code, Gray Code, parity, Hamming, etc.) and their 
characteristics  are analyzed. To end this lesson different alphanumeric encodings are described. 
x The third lesson "Boolean Algebra" introduces students to the Boolean Algebra, which will be useful for 
subsequent points. 
x The fourth lesson called "Binary Arithmetic" outlines the basic concepts of arithmetic in the binary 
numbering system. BCD arithmetic is also explained. 
x The fifth and final lesson of this first block shows the different elements that are available in digital 
electronics to implement the algebraic functions discussed in previous themes. The operation of the bipolar 
transistor and MOSFET is explained, because by means of them the basic logic functions are implemented. 
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The second block is divided into six lessons listed below: 
 
x The sixth lesson introduces methods for simplifying algebraic functions. In the first block of this subject 
various theorems and laws that allowed us to make some initial simplifications are presented. In this new 
lesson two new simplification methods are introduced: Karnaugh maps and Quine-McCluskey method. 
x Once we got to the seventh lesson, students have already achieved the knowledge base necessary to begin 
implementing basic developments. Initially we need to divide the digital developments between 
combinational and sequential circuits. Combinational circuits are explained in this lesson showing the 
students the appropriate methodology for design them. 
x The eighth lesson examines the basic concepts of sequential systems.  
x Ninth and tenth lessons explain the shift registers and counters. These issues could be framed in the eighth 
issue, but have been presented separately because of its importance for the subjects CS and CA. 
x To finish the course, the last topic introduces different logic families. 
 
4. Computer Structure 
 
Once completed the DSDP subject, the acquisition of specific competencies of the course CS can be approached 
with better guarantees. As previously discussed, this course is offered during the following semester (the second of 
the first year). The specific competences covered CS are: 
 
x Ability to know, understand and evaluate the structure and architecture of computers, as well as the basic 
components that form them. 
x Ability to design, develop, select and evaluate computer applications and systems, ensuring their reliability, 
safety and quality, according to ethical principles and current legislation and regulations. 
x Ability to develop the technical specifications for computer systems that meets the standards and regulations. 
 
In this course the different blocks that make up a computer are analyzed. Moreover, in practice hours assembly 
programming concepts are explained. The proposed syllabus is detailed below: 
 
1. Introduction.  
2. Computer Architecture.  
3. Data and Instructions.  
4. Types of Memories.  
5. Semiconductor Memories.  
6. Cache Memory.  
7. Virtual Memory.  
8. The microprocessor.  
9. The system I/O. 
10. Interconnection Buses. 
 
We offer a short description of these lessons to give a deeper insight: 
 
x The first lesson is a quick introduction to the subject to be discussed in this course from a historical point of 
view. 
x In the second of the lessons, a general block diagram view is developed by differentiating the different 
functional parts (CPU, CU, ALU, Memory, I/O Devices). This lesson describes the differences between Von 
Neumann and Harvard architecture types. In later lessons, the subject CS goes into each one of the blocks 
introduced here. 
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x The third lesson, corresponding to the data and instructions, is located at the beginning of the course to allow 
start with the experiments of assembly programming as soon as possible. So this is the time to introduce 
concepts such as assembler syntax, addressing types, etc. 
x The fourth lesson discusses the general characteristics of the memories, defining terms like size, capacity, 
access times, changeability, access methods, etc. Finally, the concept of memory hierarchy is also 
introduced. 
x The fifth, sixth and seventh lessons continue with the memories, but from a technological point of view. The 
fifth lesson begins analyzing the basic configuration of a memory cell with special attention to the difference 
between static and dynamic cells, analyzing different memory organizations in 2D and 3D. 
x The sixth and seventh lesson focuses on two specific types of memory. The sixth one introduces the cache 
memory showing performance aspects, capacity, operating principles, types of organization, replacement 
algorithms, interconnection of caches, etc. 
x The seventh topic describes the concept of virtual memory, explaining the differences between the different 
types. 
x The eighth lesson begins establishing differences between microprocessor and microcontroller. Subsequently 
the microprocessor functional blocks, such as arithmetic and logic unit, control unit, registers, stack, etc. are 
analyzed separately. 
x The ninth lesson continues with the functional blocks analyzing the I/O ports with special attention to the 
direct memory access (DMA). 
x The tenth and final lesson exposes the interconnection between different functional blocks discussed in the 
preceding lessons. 
 
5. Computer Architecture 
 
According to the syllabus, this is the third and final subject dealing with specific content and competences related 
to the area of hardware. This circumstance gives a terminal character, and some advanced topics are addresses. 
This subject is positioned in the same module than Computer Structure, and the competences that are initially 
assigned according to the design of the syllabus for that module are: 
 
x Ability to know, understand and evaluate the structure and architecture of computers, as well as the basic 
components that form them. 
x Knowledge and application of fundamental principles and basic techniques of parallel, concurrent, 
distributed programming and real time. 
 
The proposal to make a soft transition from the most basic concepts to the more advanced topics is as follows: 
 
1. Cache Memory.  
2. Segmented Linear Processor.  
3. SIMD Instructions.  
4. Introduction to Parallelism. 
 
We offer a short description of these lessons to give a deeper insight: 
 
x The first lesson is a review of concepts previously studied in CS about cache memory. Also, memory 
management concepts related to consistency maintaining between different levels of the memory hierarchy 
are introduced. 
x The second lesson develops aspects of the internal structure of the microprocessor. This lesson continues 
with the path taken in CS subject explaining the inner work of the computer, but the distinction here is that 
the internal structure and operation of a pipelined processor is described. 
x The lesson topic introduces students to structures to contain complex data vector type, so that the implicit 
data-level parallelism is sought. 
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x Finally, the fourth lesson explores an alternative to the parallelism achieved with the techniques studied in 
the third one. In this one the concept of explicit code-level parallelism is introduced. For this, examples are 
discussed and it use is justified. 
 
6. Conclusions 
 
In this paper we have explained a previous work which has been done in order to submit an Educational 
Innovation Project proposal to a specific competitive call of the Basque Country University (UPV/EHU). That 
project is based on the active learning, more specifically, on cooperative learning. We have given deeper insight the 
dependencies between all the subjects belonging to the analyzed sub-module, i.e., Computer Structure and Computer 
Architecture. Besides, we have included in such analysis a previous subject named Principles of Digital Systems 
Design, which does not belong to that sub-module, but plays an important role in the acquisition of the knowledge 
and competencies of the two previously referenced subjects. 
As future work, the imminent step is to carry out all the activities planned in the specification of the educational 
innovation project because it is still an ongoing work. Later, we will be able to analyze all the data that we could 
monitorize about the learning process carried out based on cooperative learning. 
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